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Abstract

The author hereby presents the evaluated performance of the NIC polarimetry mode, which was re-
developed in 2018. Imaging polarimetric observations were conducted for strongly polarized standard stars
with their polarization degrees of ~0.4%-6 % in the J band. The accuracy of the polarimetry in terms
of the polarization degrees and position angles was evaluated based on a comparison between measured
values and those found in the literature. The systematic bias in polarization degrees was found to be
within 0.3%, though some depolarization in the instrument was suspected. No significant systematic bias
in polarization position angles was detected for the precision of a few degrees. In addition, for use in
planning observations, a relationship was established between the random error in the polarization degrees

and the total integration time.

Key words: science instrument — near-infrared — polarimetry

1. EC&®IC

20184F1Z, PHIZ D R A 3 I E R REHT A&~ 4 77
x5(N@)@ﬁ%ﬁﬂ%~$ﬁﬁ%%ém#ﬁﬁﬁm
2018), mifE B (2018) iF 4R AR E B O BUHI % 17V
Himdn a GO B Y AT LTI T B SR E &
0.0140.37% (J), 0.0240.82% (H), 0.04+0.39% (Ks) & 3K
D7z, dMmEITNE L, A EHEINY REKgN Y R
TII%DRNEZ R TE2BERNDE D D Z L HRE
Nz, ZORK, EH TRFELEEREOBN 21T, RIkD
YR (P) L Y i f (0) % EDOREE EMEICEHTE S
NEIMU-OTHRET S, /-, Aoz —%%H
WT, RHED T v R LiRE(op) & RIKDOE-KBFE
M2 BRI 2 27357,

2. ERi%EH

%wﬁﬁtbfw<0#®ﬁﬁ%$ HEZBIHIL. &
FE MM (2018) 12 30k & 7= 2R (R (1)—(9)) TR G & Rk
ﬁuﬁéﬁ@to;;fﬁ@twtﬁu%«%aﬁﬁi
%) BB ICE R S R EOETH B, 0ok Al

FERER (RAL AL Z0° & U, B 2 & KT aHE D %
EEF3) TOM (0L KT 5) ILEMT 210k, UF
DEHEEITS BEND B,

©=—(00—-9) (1)

ZIZTold v TV UHEEDA VA NVAY PR—F—&
DFEMEMTH D!,

HIAGE D £ £ Tld. JIE X N7z 0w 5 67 4 O Il E f
()tﬁﬁﬁ(t):im%&%ﬁﬁQQMt@@\ﬁ%
DEVBTESLZ R85 L2512, FEEKRD [ 0°
@ﬁ%%ﬁiabtomtﬁiﬁb# DF Ty Iy b
ALy FRREBLED S IED HIANZTS° (E— X %2 +333AT

ZF)ELmE] TH5,

3. BA-fRAT

PEREFEAM 12 W 7z iR AR E R D — B 2 R1UITR S, Bl
BIRRIL A List of Polarized and Unpolarized Standard
Stars for UKIRT? 75 #EA 72, FRERDRIGE(Py) &

L FITSA Y Z 0 “PA”HHIZfli W3R T hT WD
2 https://www.ukirt.hawaii.edu/instruments/irpol /irpol_stds.html




2 J. Takahashi

{75 6245 (©) ) i¥ Whittet et al. (1992) 2 HIZE L 725 D
THb, 20194F4H1TH B K '2H 12, JNY R TOER
DT-105, (@ HE D ~0.4% 6% D HIFHIZ B 5 5RKIK % Bl
MU 7=,

110 D & Hi 132 2-60F> T, IR AREL A 12069
4RO FEHE 1LY b2 UT, | UHKE (BN, 10—
F—RFMANCH L T52y M OBHE %7485 72,

G (2018) & [FIBRD AL T, EGALEE, HIYE, Rt
JE- AN AEE A TR 572 (OIZD2WTIER() DA FE
fE) o BRERSMWREGIIRE TN TWRVWOT (S
2018). #hlfi S DFREK AT > TWRW,

B1-2121F, &y FOBIMEILL7ZA N =27 AT X —
Rq=Q/I,u=U/I (FEEELE) 2RRINZ LU TERL K,
R2AZIZHELZP, 0% £ 7=, 272U, FH U XK.
M UpiZ i U THEHBOBZLRECBI L 256121F, &b
EVWHBHIEHTHE S N R 2 RICHE L 2,

4. RAE-RATLLAOERNE

24T, AL OREE & XBIED % (P — Py) %
AL TWa, P— P O EIE, Z<O5G, POT Y
R LG 3(op) LEABRE»ZNLD/AS W, LHL, &
ZidopDBEREVEDEH B, HIEMPIZT VX Lk
2% B2 RFEEED D DD, WML ZIATHSB,
P — Py ®F¥MEIE —0.08+£0.16 % (J), —0.12+0.12
% (H), —0.13£0.18 % (Ks) TH» b, P/P; DVIMEI
0.9840.06 (J), 0.9540.07 (H), 0.92+0.12 (Kg) TH %,
FHICAER LIEE AR VD OO, M P IXSCHEME P,
FOXX/NIDITH BMEAPEDND, BT AT LN
TOWERNIT & D, (RAERNHE (EBEORAE T 2 HIE
SN DMIE D EEK) H80%H 590%H 127> T WS HHE
YD B 5, A Y6 % D SR % (8- TR e 3 % EHE I H
BT DI LI <. BREHITEVHIRE S BERDH
%, ARFEDO LD EMRNERZSBROFETH L, L&
WA, P— Py OWFIANE & R D S | W ERH R (R E)
DRFEZ U7a < Th, R HIE M O RHEER A 130.3% A
NTHBEEERDBEAD, 72720, TR EDE% LA
WD RRIZH T 25HHEiTH 5,

fr e AL A B U Cld, BIEAE(0) & SCHkE (O ) D
T, BEDI VX L#RAEEZFRIC EEZERITH SN
W (FR2-4), FETHEM & U TIT 7R o 72 PR R EL 4 0° D
BEBVHEYTH-T-LEF R 5B,

5. BAEDS VY LREEER-HEDFRFEORR

BRI B 2 LR T BT H7=>T. RDBIEHEDRE
JE (7 v R hilop) ZERT 572012 ORE ORES
AL E»Z2 AL 2 0ENH S, T I Top&Sihm,
BEORETZEEDIT 5,

M3k, Ao hCIZH LU TCopz 7BY P LAEZHDT
BB, opMNEY bDTF—EZhoBoNEEGE, Cl TAN
7L — L OESEHYGE & BESGHCED &F) TH B, C
MRELRDBIFYE, NEREFHNTopWNIL B L
Bahd, NURIZhhrbsT, B—DREEATT 1y
F4vIULEZ A,

log(op) = —0.624 -1og(C) + 1.697 (2)

3 0g, ou DO BEEHONTE N, BE ith (2018) 2K,

Vol. 2

EWV IS BIRANE o NI (K3DFEM), HI3OMIZopH?
KEDKT ) A ADATRES>TWVWARIZTFHEIND0p
(MM R/IME) Z2HiW-bDTHS, oV NE2EL
BOEMBREIL, NV NZh»b 5395 e /ADU & L
724, EBDopld, Tt/ A ZOAZHE I PRELD S
IMIRRERE W, ZHIENET /7 1 XM ® I % L
THEDL)AANFEET DI LERT,

K41, K30t %Zop/PIZEZT-HLDTH B, DL
EEHEPPERETOHFATIE, op/PIFCITHLTHED
RSMHBEURWZ 23 0holz, ULizd->T, CEE#ED
3B FEop/PEVopDIEI NRWI & BHERT E 7=,

M50%, T-107™/25 (2 LTC 2#7ay hLEEDTH
%, ZZTTIXRBEARM LD T, N2y No##l% L7
W&, T =4Nx (single exposure time) TH b, J, H, Kg
NU R, FhEh,

C=a-T-107"/%5 (3)

WO T T4y UL Z A, K5 IR T HHIER
NESNT-,

R(2) L @) EMABDES T LT, BRABETY 5
HEDT VR L Eopa THILZD, HIZ, Hdopiis
57D BERT2EAEE B NTE S,

72 UL R(2)IEIN Y K BEEATI0% A D HRIE 2 Lo
RIKIZH U TCHEONZERTH D, & BV RIKZ EH
TEHHEITIE, BT 3 ) A AR OBEILEDLEZ L
WZEoT, RQ)OBEBHKD Sz WalgElEDRH 5, £
oo ARBOFERIIN=t Y MNiiBOT—Z26FoN
77o op CIRFORFHT ZEE D 7223, THARE U THND
KELEZL ., RRBRTESNAEBRAK D L2720
AR D B, X 51T, KRB TIEXPYE % TORIKE
B SR E Uz, PRELLRKEWV(>10%)5EH . ARl
BRTeBoN-EGPEHATERVATREMEDH 5,

6. BbHYIC

G i (2018) & ARGRER T S N7z, NIC O Y&l
HERGIZEF DD, WAIKRD X b EMERHIE, IV
RTI0HF L VB WRIEKTORNE T v X LB EORIEE
MESBOREEL L TEITONS,

ARBAFEIE, A TR O dd 2 3k [F R - [F A 72 0
ROBEERE] B LOHAAMIRMSBITE (15K21296)
DXEHEZITE U, £72, MBZLRIITERERT
=y P DOHIEIZDOWT, FERICHEERT A1 A2 Wi
EEF Uz, BEHBLLTET,

References

AR OESR, @fE 8, fE N KBl BE KE. 2011, EiE
h FRXAMEHR, 21, 13

EE H, My A, ik &, Bk PE—. 2018, Stars and
Galaxies, 1, 17

Whittet, D. C. B., Martin, P. G., Hough, J. H., et al. 1992,
ApJ, 386, 562

4OEBIZIEN Y N () I T RS, T 9.240.2, H: 9.840.2,
Ks: 9.440.2 (e~ /ADU) T» 5 (& ft 2011),
5 http://simbad.u-strasbg.fr/simbad/



id. 3 NIC Polarimetry Performance

Table 1. Observed strongly polarized standard stars. The polarization degrees, P, and position angles of polarization, ©y; refers
to A List of Polarized and Unpolarized Standard Stars for UKIRT?. The magnitudes are obtained from the SIMBAD database®.

Object Date Sgl. exp. (s) Band Mag. Py (%) 01 (°)
HDE 283809 19-04-17 8 6.994+0.020 3.81+0.07 57+£1
6.46+0.03 2.59+0.07 58+1
6.1694+0.023 1.71+£0.11 55+3
7.3910.06 2.43+0.02 2941
6.53+0.04 1.5740.02 2741
6.20+0.04 1.07+0.10 34+4
7.689+0.023 3.06+0.05 3641
6.5054+0.024 1.94+0.03 35=+1
6.0494+0.021 1.36+0.03 38+1
9.7294+0.026  6.03+0.10 71+1
9.12240.022 3.68+0.10 70+1
8.7574+0.021 2.21+0.55 78+17
7.5914+0.024 0.4440.02 14543
6.062+0.021 0.414+0.02 143+1
5.4824+0.018 0.22+0.02 14645

Elias 29 (Taurus) 19-04-17 8

Elias 19 (Taurus) 19-04-17 8

HD 38563C 19-04-22 2, 10, 60

Elias 9 (Taurus) 19-04-22 2,10

A D SR Enm e s E e ="z =s&B“

Table 2. Measured values of P and © in J band. ¢ represents the position angle of the instrumental rotator. Values for Elias 9 are
excluded because of large errors (op = 0.5%, og = 105°)

Object 6 (°) P (%) P-Py (%) P/P 0() 0-0y ()
HDE 283809 0 3.60£0.23 —0.21 0.94 58.7+1.9 1.7
Elias 29 0 2.704+0.21 0.27 1.11  29.242.3 0.2
Elias 19 0 2.9840.06 —0.08 0.97 36.1+0.6 0.1
Elias 19 45  2.9440.08 —0.12 0.96 35.3£0.8 —0.7
Elias 19 90 2.94+0.19 —0.12 0.96 36.5£1.8 0.5
Elias 19 135 2.95+0.09 —0.11 0.96 35.1+0.9 —1.0
HD 38563C 0 5.84+0.12 —0.19 0.97 73.8£0.6 2.8

avg. =+ stdv. —0.08£0.16  0.98+0.06 0.5£1.3
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Table 3. Measured values of P and © in H band.

Object é (°) P (%) P-P (%) P/Py 0() 0-0y ()
HDE 283809 0 2.3840.09 —0.21 0.92 58.6t1.1 0.6
Elias 29 0 1.52+0.11 —0.05 0.97 31.04+2.1 4.0
Elias 19 0 1.85+0.09 —0.09 0.95 35.7+1.4 0.7
Elias 19 45  1.9240.12 —0.02 0.99 37.0£1.8 2.0
Elias 19 90 1.66+0.13 —0.28 0.86 37.242.3 2.2
Elias 19 135 1.6640.30 —0.28 0.86 34.5+5.1 —0.5
HD 38563C 0 3.59+0.12 —0.09 0.98 75.9£0.9 5.9
Elias 9 0 0.4440.18 0.03 1.07 138.7£11.6 —4.3
avg. + stdv. —0.12+0.12 0.95+0.07 1.34+3.1
Table 4. Measured values of P and © in Kg band.
Object o (°) P (%) P-P (%) P/P, () 0-0y ()
HDE 283809 0 1.36%0.13 0.35 0.80 58.84+2.7 3.8
Elias 29 0 1.0840.13 0.01 1.01 24.243.5 —-9.8
Elias 19 0 1.1840.19 —0.18 0.87 36.1+4.7 -1.9
Elias 19 45 1.1940.14 —0.17 0.88 34.243.4 —-3.8
Elias 19 90 1.1940.21 —0.17 0.88 37.3%£5.0 —0.7
Elias 19 135 1.03+0.14 —0.33 0.76 36.6+£3.9 —1.4
HD 38563C 0 2.37+0.27 0.16 1.07 74.84+3.3 —-3.2
Elias 9 0 0.24+0.23 0.02 1.09 157.7+£28.3 11.7
avg. =+ stdv. —0.13+£0.18 0.9240.12 —0.7£6.3

Table 5. Values of the proportionality coefficient (a) in Equation (3).

J H

Ks

4.56 x 107

7.43 x 107

1.92 x 107

Table 6. Summary of the NIC polarimetry performance. Ref: {Takahashi et al. (2018), fthiis work

Vol. 2

Property Unit J H Ks Remarks, references

Field of view arcsec? 24x69 24 %69 24x69 Estimated.

Inst. ¢ % —0.00+0.29 0.03+£0.52 —0.024+0.30 Incl. telescope pol. On inst. coordinate.
Inst. u % —0.01+0.29 —-0.034+0.55 —0.074+0.31 Incl. telescope pol. On inst. coordinate. t
Pol. efficiency % 9816 9517 92412 P/Py it

Position ang. offset deg 0.5+1.3 1.3+3.1 —0.7+63 ©-0
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Fig. 1. Time-series ¢ (red filled circles) and u (blue open cir-
cles), as derived from the observations taken on 2019-04-17.
The observed strongly polarized standard stars are HDE
283809 (UT 10.00-10.19 h), Elias 29 (UT 10.30-10.42 h), and
Elias 19 (UT: 10.51-11.16 h). The “inst-rot” (green solid
line) and “inst-PA” (blue solid line) represent the instrumen-
tal rotator’s angles with respect to the mechanical origin and
the equatorial North on the sky, respectively. The “altitude”
(magenta dot line) signifies the altitudes (elevations) of the
telescope pointing.
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- HD38563C-60s PA=-0.0 UT=10.32-10.59
- HD38563C-2s PA=-0.0 UT=10.73-10.73
- Elias9-2s PA=0.0 UT=10.94-11.03
- Elias9-10s PA=-0.0 UT=11.06-11.19
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Fig. 2. The same figures as Fig. 1, except for 2019-04-22.
The observed strongly polarized standard stars are HD
38563C (UT 10.07-10.73 h) and Elias 9 (UT 10.94-11.19 h).
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Fig. 3. op vs. C, where C is the total stellar counts, which are the sum of photometric counts of both ordinary and extra-ordinary
images captured during N sets of observations (i.e., 4N frames).
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Fig. 4. op/P vs. C. The dependence of op/P on C is much less clear than that of op on C, shown in Fig. 3.
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Fig. 5. The dependence of total counts on exposure time and magnitudes. Exposure time is treated as total exposure (integration)
time, thus, it is equal to 4N X (single exposure time).



